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ABSTRACT 

The interest in in vivo/in vitro correlations in the dermal field of research has increased steadily. This study 

was designed to demonstrate the rate of release of Erythromycin from two different, marketed topical cream 

formulations; by performing In vitro and in vivo experiments. For In Vitro study the penetration of Erythromycin 

from two different formulations was evaluated using human cadaver skin in a Franz Diffusion cell setup. The release 

rate of Erythromycin from two different formulations in the receptor phase through human cadaver skin was 

monitored chromatographically. Whereas in In Vivo experiment the pharmacokinetic study of two marketed 

formulations of Erythromycin was performed by Dermatopharmacokinetic method using 12 healthy Indian male 

subjects. Pharmacokinetic parameters of Erythromycin were calculated as Cmax, Tmax, AUC (0-t) and AUC (0-∞). 

Erythromycin was estimated in Stratum Corneum using a validated chromatographic method. Different release 

profiles of Erythromycin were observed in both the formulations for both the studies. In conclusion, the linear In 

Vitro – In Vivo correlation for the release rate of Erythromycin was observed for both the two Formulations. But the 

In Vitro experiments using the cadaver skin is more time consuming than the In Vivo Dermatopharmacokinetic 

absorption experiments. 
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INTRODUCTION 

A continuous interest toward the dermal and 

transdermal products can be seen, offering several 

advantages (Foldvari, 2000; Asbill and Michniak, 

2000; Barry, 2000a). Data from USA shows that out 

of 129 drug delivery candidates, 51 transdermal or 

dermal system products are listed; and 30% of 77 

candidate products in preclinical development 

represent such drug delivery (Barry, 2002). Novel 

approaches, devices have been published in recent 

years (Barry, 200b); parallel with the development of 

in vitro and in vivo test methodologies (Neubert and 

Wohlrab, 1990; Segers and Zatz, 1998; Kierstan et 

al., 2000; Hanson, 1989; Wissing and Muller, 2002). 

Studying the multistep process of drug delivery 

through the skin involves many different 

methodologies both in vitro and in vivo (Leveque, 

2004). Bioavailability study of a topical formulation 

begins with the in vitro investigation of the drug 

release from the compositions under evaluation 

(Abdou, 1989). In vitro release testing of the active 

ingredient has drawn much attention as a result of the 

edition of the SUPACSS (FDA, 1997), however as it 

was pointed out by FIP/AAPS (Siewert M and 

Dressman, 2003), there was no standard test protocol 

that can be applied to all formulations. Data resulting 

from these investigations can be used as quality 

indicators, and also for the screening of the 

compositions prior to in vivo animal testing. Delivery 
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of drugs to the skin is an effective and targeted 

therapy for local dermatological disorders. This route 

of drug delivery has gained popularity because it 

avoids first-pass effects, gastrointestinal irritation, and 

metabolic degradation associated with oral 

administration. Topical gel formulations provide a 

suitable delivery system for drugs because they are 

less greasy and can be easily removed from the skin. 

Percutaneous absorption of drugs from topical 

formulations involves the release of the drug from the 

formulation and permeation through skin to reach the 

target tissue. The penetration of a drug through the 

skin is a complex process typically rate-limited by the 

stratum corneum (SC). This external layer of the skin 

is composed of terminally differentiated corneocytes 

embedded in a complex lipid matrix comprising 

primarily ceramides, cholesterol, and free fatty acids. 

Delivery of drug by passive diffusion and the 

pharmacological effect elicited are dose-related: the 

better the drug permeates the skin, the greater the 

therapeutic effect. It follows, therefore, that 

formulation plays an important role in topical drug 

delivery. Erythromycin inhibits bacterial protein 

synthesis by binding to the 50S subunit of the 

ribosome. It has activity against Gram-positive 

aerobes and anaerobes as well as the Gram-negative 

anaerobes.  

Erythromycin has been shown to be active 

against most of the isolates of the following 

microorganisms, both in vitro and in clinical 

infections (Herkenne et al., 2007). The objective of 

the present study was to evaluate rate of release of 

Erythromycin from the different formulations by In 

Vivo and In Vitro experiments.  

 

MATERIAL AND METHOD 

Material: 

Two marketed Erythromycin formulations 

were used for the study. The Franz diffusion cell was 

used to determine the amount of the drug diffused 

from different formulations. 

 

Method 

In vitro release testing methods: 

Vertical Franz-type diffusion cells with a 

diffusional surface area of 1.76 cm2 were used to 

study the permeability of Erythromycin. The skin 

patches of 5 cm2 were collected from Government 

Medical College, Aurangabad. The skin was applied 

with the drug on its epidermal surface. 1 g of 

Acneclin and Erytop cream formulation of 

Erythromycin were packed into cell donor chamber, 

ensuring that there were no air bubbles between the 

formulation and donor surface of the human cadaver 

skin. The holders containing the skin and formulation 

were then placed on diffusion cells using a spring 

clamp. The receptor phase was filled with phosphate 

buffer pH 6.8 and continuously stirred with a small 

magnetic bar at a speed of 100 rpm during the 

experiments to ensure homogeneity and maintained at 

37±0.50C. The 2 ml samples were withdrawn at 0, 30, 

60, 90 minutes respectively for each of the 

formulations of Erythromycin. Simultaneously 

equivalent amount of phosphate buffer pH 6.8 was 

added to maintain the volume of receptor Phase. The 

samples withdrawn from the port were taken in a 25 

mL volumetric flask and acidified by adding 1 mL of 

0.1 N HCl. To this solution, 10 ml of cyclohexane 

was added and the flask was stoppered and shaken 

vigorously for 10 minutes. The organic layer was 

separated and dried under vacuum. The dried residue 

was then dissolved in 5 mL of diluent, and the tubes 

were shaken vigorously for 15 minutes and sonicated. 

The solution was then filtered through 0.45 μ 

membrane filter and then analyzed. The concentration 

was measured by validated HPLC method. Treatment 

sample B was used as a reference sample (Sanna et 

al., 2009) in the analytical measurements. 

 

In vivo percutaneous absorption studies: 

This study was carried out as per the ICH 

(Step 5),’Guidance for Good Clinical Practices 

(GCP)’ and the principles of Declaration of Helsinki 

(Scotland, October 2000).The Independent Ethics 

Committeewas reviewed the protocol and the 

informed consent form for this study. Sufficient 

numbers of healthy Indian male human subjects were 

screened, out of those 09 male subjects were enrolled 

in the study and 03 male subjects were taken as 

standby. A total of 12 male subjects were applied with 

the study medication in the beginning of the study. 

The screening consent & study consent were taken 

respectively before drug application. Thereafter, 

subject’s medical records were documented and 

physical examination was conducted. Inclusion 

eligibility was also based on successful completion of 

a clinical health evaluation, which consisted of a 

personal interview; a complete physical examination 

(BP, pulse, weight, temperature, and respiratory rate); 

laboratory testing that included a complete blood cell 

count and urine analysis. Testing was performed by 

Central Pathology Laboratory, CIDCO, Aurangabad, 

(MS) INDIA 431005. Subjects were excluded if 

laboratory values were significantly above or below 

the reference range and/or if all tests had not been 

performed. In addition, the laboratory data were 

reviewed by the investigators of the clinical unit prior 

to the enrollment of the subjects. Subjects were 

compensated for their participation. The approved 

normal laboratory values for the following tests were 

obtained from the clinical laboratory performing 

thesetests, prior to start of the study (actual limits i.e. 
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not more than 20 days before dosing). Complete 

blood count. Urine – physical examinations, chemical 

examination, microscopic examination. 

Subjects were admitted and housed in the 

clinical facility at least 2 hours before the application 

of the dose during the study. At the time of dosing, 

each of the marketed Erythromycin formulation was 

applied on the forearm of study subjects as per the 

dosing schedule. Treatment sample B was used as a 

reference sample. Subjects received a parallel 

treatment in the subsequent period of following 

dosing. The dosing procedure was as mentioned 

below: 

1. Both the forearms were washed with mild soap 

and copious amount of water and dried in air. 

2. Both the forearms were marked for total of 08 

application sites of 1 sq. cm. area each. 

3. 5 mm length product (semisolid dosage forms) or 

sufficient amount of drug sample was applied on all 

the sites so that the product completely and smoothly 

covered the site area. 

4. Stratum corneum samples were collected from the 

sites on desired pre decided time. 

5. SkinStratum Corneum samples were collected in 

sterile glass test tubes during each period. The 

samples were collected pre-dose and at 0.5, 1.0, 1.5, 

2.0, 3.0, 4.0, and 6.0 hours post-dose application. The 

stratum corneum samples were analysed for 

Erythromycin concentrations only. 

6. For each subject the total number of blood draws 

were 02 (01 for screening and another during post 

study assessment); the total volume of blood 

withdrawn (10 ml for the prestudy evaluation and 10 

ml for the post study) through the vein puncture did 

not exceed 20 ml. 

7. The pre-dose Stratum corneum samples were 

collected within one hour prior to drug application. 

The post-dose samples were collected within 2 

minutes of the scheduled time, where end time of 

collection to the nearest minute was recorded. 

Individual Stratum corneum concentration 

VS time curves were constructed; Cmax and Tmax 

were directly obtained from these curves. AUC from 

time 0 (baseline) to 6 hours (AUC0–6) was calculated 

using the trapezoidal rule. Extrapolation of AUC from 

baseline to infinity (AUC0–∞) was calculated as 

follows: AUC0–∞= AUC0–6 + (C6/ke) where C6 was 

defined as concentration at 6 hours. The sample 

analysis was carried out using developed and 

validated HPLC method. The dermato pharma 

cokinetic samples collected in the test tubes were 

stored at -20ºC until analyzed. During analysis to each 

sample tube 5 ml of diluents were added and the tubes 

were shaken vigorously for 15 minutes and sonicated. 

The solution was then filtered through 0.45 μ 

membrane filter. To the filtrate 1 ml of 0.1 N HCl and 

10 ml of Cyclohexane were added and the tubes were 

shaken vigorously. The organic layer was separated 

and dried under vacuum and the residue was then 

dissolved in 5ml of diluent solution and then analyzed 

by validated HPLC method. 

 

Figure 1. Comparative plot of amount of 

Erythromycin penetrated from the cadaver skin 

with respect to time for each formulation. 

 

Figure 2. Mean combined DPK time vs 

concentration profile of formulations A and B for all 

subjects 

 
Figure 3: The In Vitro - In Vivo correlation for Erythromycin formulations 
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Table 1. Amount of Erythromycin Penetrated through the In Vitro Skin Preparation 

Time in Minutes 
Amount in µg of Erythromycin Penetrated through the In vitro Skin Preparation 

Formulations A Erytop Cream Formulations B Acnet Cream 

30 11.184 13.66 

60 16.822 16.77 

90 21.853 20.12 

 

Table 2. The In Vitro - In Vivo correlation for Erythromycin Topical formulations 

The In vitro In vivo correlation for Erythromycin Topical formulations  

Straight Line Characteristics Formulations A Erytop Cream Formulations B Acnet Cream 

r
2
 1 0.999 

Slope 3.338 2.547 

Intercept -0.098 6.563 

 

RESULTS AD DISCUSSION 

In vitro penetration of Erythromycin formulation: 

Two Erythromycin formulations were 

studied for their permeation through the human 

cadaver skin. The amount of drug permeated through 

the skin preparation was estimated by HPLC method 

and the results are represented in table 1 below. 

 

In Vivo study of Erythromycin: 

Twelve subjects were enrolled in the 

comparison between two formulations of 

Erythromycin (mean age, 25.16 years). The 

bioequivalence values of the test drug A were Cmax of 

23.767±2.398 μg/ml, tmax   of 1.75 ±0.261 h, AUC0-t of 

100.507± 10.455 h. μg/ml, AUC0-∞ of 178.286± 

22.859 h. μg/ml; of the test drug B Cmax of 24.084± 

2.216 μg/ml, tmax of 1.75 ±0.261 h, AUC0-t of 

100.586±11.15 h. μg/ml, AUC0-∞ of 179.887± 21.553 

h. μg/ml. 

 

In vitro – In vivo correlation: 

The In vitro – In vivo correlation was 

established using the data obtained from the in vitro 

and in vivo experiments carried out. The results are 

represented by the following line chart in which the In 

Vivo results are plotted on X-axis and the In Vitro 

results are plotted on the Y-axis. The results of all the 

two formulations are plotted on the overlapping plot 

for the comparison. It was observed that, for each 

formulation the correlation could be represented as 

straight line equation. The characteristics of these 

straight lines representing the correlation are 

summarized in Table 2.  

 

CONCLUSION 

In invitro experiment for the penetration 

study of Erythromycin using the human cadaver skin, 

the graph plotted against the amount of Erythromycin 

penetrated with respect to time for each formulation 

reveals that, the Erythromycin penetrates steadily by 

following the zero order kinetics. The results are in 

good agreement with the In Vivo experiments with 

little difference in the absorption characteristics of 

Acneclin and Erytop cream formulations. 

The linear In Vitro - In Vivo correlation 

observed for all two Erythromycin Topical 

Formulations, reveals the fact that, the penetration and 

the dermal absorption of Erythromycin from these 

formulations are relative phenomenon and indicative 

of the results and predictions for each other. Even 

though, the experimental design. Time duration for 

the in-Vitro experiments using the cadaver skin is 

more time consuming than the In Vivo DPK 

absorption experiments. This is because in DPK 

experiments, multiple skins sampling for the same 

sampling time is possible and more importantly, the 

results are real time and not the predication from the 

results obtained using the dead tissue. 

These results again strengthen the original 

idea that the DPK studies by skin stripping 

experiments are accurate, more reliable, easily 

reproducible, easy to set up, and are essentially the 

next needed incorporations in the regulatory 

guidelines for the Bioequivalence studies for the 

dermal products. 
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